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Introduction
Fox tapeworm (Echinococcus multilocularis) is known as a causative agent of dangerous alveolar echinococcosis in human. Life cycle of the tapeworm is sylvatic involving foxes (or other carnivores) as definitive hosts and small mammals (predominantly rodents) as intermediate hosts.
The larval parasite stage in intermediate hosts and aberrant hosts (including humans) is characterised by formation of multivesicular cysts and tumour like proliferation in liver or other affected organs. Intensive survey of E. multilocularis occurrence in Europe has been started at the end of the 20 th century, when density of red foxes has increased dramatically as a consequence of oral antirabies vaccination. The increasing population of red foxes was a reason for E. multilocularis expansion from endemic localities to the new European regions. While at the end of the 1980s, the known Euro-........ pean range of E. multilocularis was restricted to 4 alpine regions of France, Switzerland, Germany and Austria; in 1999 the parasite was detected at least in 11 European countries (Eckert et al., 2000) . The latest country where E. multilocularis was recently confirmed is Sweden. After the first positive finding in February 2011, the other three E. multilocularis infected foxes have been found by May 31 st 2011 (Osterman Lind et al., 2011) . Today, the presence of E. multilocularis in its definitive or intermediate hosts has been not evidenced only in 5 European regions: Finland, continental Norway, Great Britain, Ireland and Malta. The first finding of E. multilocularis in red fox on the territory of Slovakia was recorded in 1999 (Dubinský et al., 1999) . In 2000 detailed epizootological survey of E. multilocularis distribution was initiated at the Institute of Parasitology in Košice. The expected achievement was to acquire reliable knowledge on the epidemiological situation of E. multilocularis in Slovak territory including the information on occurrence of infection risk areas and recognition of temporal changes in parasite incidence. Parasitological method used for E. multilocularis detection E. multilocularis infection in foxes was ascertained using small intestines necropsy. Modified sedimentation and counting method was used: small intestine was cut into several pieces and incised longitudinally on a great tray. Content of the intestine was flushed with water stream into the tray, mucosa layer was stripped with fingers and pieces of intestine were removed. The whole content of the tray was filtered through the 1.5 mm mesh sieve to the 2 l bottle in order to separate out particles. The washed fraction collected in a bottle was filtered for the second time through the 0.090 mm mesh analytic sieve. Portion caught up on an analytic sieve potentially containing worms was transferred quantitatively to the beaker and filled in to known volume. After homogenisation, the small portions of beaker content (5 ml resp. 10 ml) were subsequently examined in Petri dishes under a stereomicroscope. In a case of very high worm number, 3 subsamples were examined, mean worm burden of these subsamples was established and total worm burden was calculated for whole volume of the sample. According to number of found tapeworms, three levels of infection intensity were specified: low worm burden (1 -100 worms), medium worm burden (101 -1 000 worms), and high worm burden (>1 000 worms). Tapeworms were identified following morphological criteria according to Thompson (1995) .
Material and Methods

Temporal layout of the monitoring
Results
Within a study period 2000 -2010, E. multilocularis was detected in small intestines of 1 441 red foxes that represent an overall prevalence of 30.3 %. The number of tapeworms found in individual foxes varied between 1 and 245 000 specimens with mean worm burden of 1 777 (Table 1) . Great regional and temporal differences in prevalence and infection intensity were recorded.
Spatial extension of Echinococcus multilocularis on Slovak territory
Slovak territory is situated on the area of 49 035 km² and it is divided into 8 administrative regions and 79 districts.
Bratislava Region Bratislava Region is situated in south-western part of Slovakia and covers the area of 2 053 km². It is the smallest of the eight regions in Slovakia. Climate is warm and dry with mean annual air temperature of 9 -12 °C. (Table 1) .
Monitoring of E. multilocularis in districts of
Trnava Region Trnava Region with the area of 4 174.2 km² is located in the middle-west part of Slovakia and forms a territorial band between the Bratislava Region and the rest of Slovakia, between Austrian and Czech borders in the north and Hungarian border in the south. The climate conditions are warm and dry. In Trnava Region a total of 318 red foxes were examined within the years 2000 -2003, 2005 and 2007 . E. multilocularis was found in small intestines of 43 animals (13.6 %) (Fig. 1) . The mean worm burden reached 1 213 tapeworms (Table 1) .
Nitra Region Nitra Region (6 343.4 km²) is situated in the southwest of Slovakia, mostly in the eastern part of the Danubian Lowland. It is the warmest region in Slovakia with high proportion of arable land. This region borders Hungary in the south. The survey of E. multilocularis in Nitra Region passed off during the years 2000 -2002, 2005 and 2007 . The parasite was detected in 118 of 476 foxes examined which represent an overall prevalence of 24.8 % ( ... (Fig. 1) . The mean worm burden was the lowest among investigated regions and reached only 713 tapeworms per one infected fox (Table 1) .
Trenčín Region Trenčín Region is located in the north-western Slovakia and comprises the area of 4 502 km². The region borders Czech Republic in the west and north. There are several mountain ranges in the region; climate is moderately cool and humid with mean annual air temperature of 4 -8 °C.
In Trenčín Region a total of 293 red foxes were examined. E. multilocularis was observed in 118 individuals with mean prevalence of 40.3 % ( Table 1 ). The lowest prevalence was recorded in 2003 and 2007 (28.6 %) , on the contrary, the highest prevalence rate was reached in 2005 (54.0 %) (Fig. 1) . The mean worm burden observed in Trenčín region was 1 896 tapeworms per specimen (Table 1) .
Banská Bystrica Region Banská Bystrica Region is located in the central part of Slovakia and involves the area of 9 455 km². The region is prevailingly mountainous, with several ranges within the area. The highest of them are the Low Tatra in the north. Lower lying areas are located in the south, along the borders with Hungary. Climate of the region is warm -moderately cool and moderately humid. Mean annual air temperatures reached 8 -9 °C. In the area of Banská Bystrica Region 762 red foxes were examined for E. multilocularis presence. The tapeworm was found in 228 animals (29.9 %) ( Table 1 ). The highest prevalence (37.8 %) was observed in 2005, the lowest one (19.7 %) in 2007 (Fig. 1) . Mean worm burden for one infected fox was 1 178 worms (Table 1) .
Žilina Region Žilina Region is located in northern Slovakia and has the area of 6 804 km². The whole region is mountainous, belonging to the Western Carpathians. Four national parks and three landscape protected areas are situated on the region's territory. The region borders Czech Republic in the west and Poland in the north. The level of urbanization is relatively low. Climate is moderately cool and humid with mean annual air temperature of 4 -8 °C. In Žilina Region the highest prevalence rate of E. multilocularis was recorded. Out of 561 investigated foxes, the tapeworm was detected in 278 (49.6 %). The lowest prevalence (29.7 %) was found in 2007; on the other hand in 2001, 2002 and 2010 E. multilocularis was diagnosed in 60.0 % and more of examined animals (Fig. 1) . Mean worm burden was 2 070 worms per one infected fox (Table 1) .
Prešov Region Prešov Region is located on the area of 8 975 km² in northeastern Slovakia. The region has diverse types of landscapes, with highlands and hilly lands dominating in the area. The Tatras National Park is situated in the north-west. The region borders Poland in the north and Zakarpattia Region of Ukraine in the east. The area belongs to moderately cool and moderately humid climate region with mean annual air temperature of 6 -8 °C.
In Prešov Region a total of 1 138 red foxes were investigated during the monitoring. E. multilocularis was diagnosed in 445 individuals which represents mean prevalence of 39.1 % ( Table 1) (Fig. 1) . In the territory of Prešov Region the highest mean worm burden (2 515 tapeworms) was recorded. Additionally, eight of sixteen human cases of alveolar echinococcosis were diagnosed in people living in this region (Table 1) .
Košice Region It is located in the southern part of eastern Slovakia and covers the area of 6 752 km². The western part of the re- (Table 1 ). The highest prevalence was recorded in 2010 and reached 39.5 % (Fig. 1) .
Temporal fluctuation of Echinococcus multilocularis occurrence in Slovakia
Besides regional differences in prevalence and mean worm burden also significant between-year fluctuation of the both parameters was observed whereas the fluctuation patterns were similar in all regions. At the beginning of the survey in 2000 the mean prevalence rate was 24.8 %.
During the years 2001 and 2002 the prevalence increased to 33.9 % and 32.8 % respectively (Fig. 2) (Fig. 2) . The further significant decline in prevalence was recorded in 2007 when the parasite was found only in 18.1 % of examined foxes. Three years later, in 2010, in red foxes from northern Slovakia the E. multilocularis prevalence exceedingly rose up. In Žilina Region its value reached 60.0 % and in Prešov Region 49.0 %. Even in Košice Region where the prevalence fluctuated for a long time between 12.1 % and 27.9 %, the ratio of infec-ted foxes got nearly 40.0 % in 2010 (Fig. 1) .
Discussion
Presented results provide a complete picture on E. multilocularis tapeworm distribution in the Slovak territory. In Central European context this is the first comprehensive full-scale monitoring, whereas data from neighbouring countries are often temporary limited and regionally more or less restricted. The intense research is still on-going in Poland. The results from the period of 2001 -2008 revealed the average prevalence of echinococcosis in individual regions of Poland ranging in between 14.0 % to more than 26.0 % (Gawor & Malczewski, 2010) . In southern areas bordering with northern Slovakia the prevalence exceeds 40.0 % (Borecka et al., 2008) . Karamon et al. (2010) in recent survey found a significant increase in prevalence in eastern Poland in Lubelskie province (from 1.0 % to 18.2 %). Since 1992, 76 human alveolar echinococcosis cases were diagnosed in Poland. In 2008 was reported the first finding of E. multilocularis also in western region of Ukraine bordering the eastern Slovakia. Considering that no human cases are registered from this area to date, a new focus of infection is supposed to arise only recently (Kharchenko et al., 2008 ). An extensive research of alveolar echinococcosis was in progress in 2008 and 2009 in Hungary. Out of 840 examined foxes, 90 were infected and parasite was detected in 16 of 19 regions. The highest prevalence (26.6 %) was found in north-western part of Hungary that neighbours with Slovakia (Casulli et al., 2010) . So far the simple human cause of alveolar echinococcosis diagnosed in Hungary was not interpreted being autochthonous (Horváth et al., 2008) . E. multilocularis monitoring in red foxes in Austria was in place until 2004.
In the mid of 90ties the prevalence was 2.4 % and after 2000 has risen to 3.9 %. The increase was outstanding mainly in districts on the east and north of country, where the prevalence is significantly higher comparing countrywide average (Duscher et al., 2006) . In Czech Republic was the E. multilocularis occurrence monitored particularly in the end of 1990' and survey was limited to southwestern region neighbouring Germany (Pavlásek, 1998; Martínek, 2003) .
The results of decennial epizootological research of alveolar echinococcosis in Slovakia unfold a third (30.3 %) of red fox population being infected with E. multilocularis tapeworm. During all monitoring the highest prevalence was recorded in northern regions of Slovakia -in Žilina, Trenčín and Prešov regions, where in particular years the prevalence outreached 50.0 %. In these regions also the highest intensity of infection was ascertained. In the contrary, the least ratio of infected foxes was reported in Bratislava and Trnava regions with average prevalence of 11.5 % and 13.6 %, respectively. According to aforementioned data there is apparent that in Slovakia are identified three endemic regions of E. multilocularis occurrence, localized in north of the country in Žilina, Trenčín, and Prešov regions. The emergence of those endemic localities facilitated apart of overgrowing fox population also suitable environmental conditions. E. multilocularis is considered a parasite of cold climate, in high humidity and low temperature conditions can tapeworm eggs survive for more than 240 days. The region of northern Slovakia is characterised by low average year temperatures, low soil surface temperature, high soil humidity, and high average annual precipitations that support long term survival of parasite eggs in natural environment (Miterpáková et al., , 2009 . Given that in the territory of northern Slovakia the majority of national parks and recreation areas are situated, the risk of human infection is eminent. A targeted survey on E. multilocularis in foxes from the Tatra region confirmed the prevalence of 42.7 % (Hurníková et al., 2009) . The risk of human infection is great also in view of fact that infected animals were found also in prime tourist centres. The importance of identifying risk areas is underlined by the discovery that out of 16 human alveolar echinococcosis cases, 14 diagnosed patients live in endemic localities of northern Slovakia (Table 1) (Kinčeková et al., 2001 (Kinčeková et al., , 2002 (Kinčeková et al., , 2005 (Kinčeková et al., , 2008a (Kinčeková et al., , 2008b Surveillance of helminthozoonoses 2000 Surveillance of helminthozoonoses -2010 . The fluctuation in prevalence during years under study notes that climate factors are essential for distribution and spread of alveolar echinococcosis. Significant decrease in E. multilocularis prevalence in Slovakia was detected in years 2003 and 2007 . The data from the Slovak Institute for Hydrometeorology reveal that these years were characterised by very specific climate conditions: 2003 was the hottest year from the beginning of meteorological observations in our territory and annual precipitations were lowest from the beginning of 20 th century. 2007 was the second warmest year since 1871 and in some regions of eastern Slovakia and in mountain regions even the hottest. Severe drought and high temperatures might have significant impact on rapid tapeworm egg devitalisation followed by decrease of parasite prevalence. On the other hand, in 2005 and 2010 the prevalence of E. multilocularis was the highest and conditions were completely different: annual precipitations in 2005 were high above long-term averages (to 157 %) and snow cover was the highest within last 50 years. In 2010 were recorded highest precipitations since 1881 and in eastern and northern regions occurred extensive flooding. The results of long-term epizootological research, in particular the confirmed existence of highly endemic regions, refer to the necessity of developing operative control measures. To date, the use of baits containing antihelminthic drugs is the only effective method ensuring at least partial parasite elimination in fox population. Based on indigenous terrain experiments performed in 2004 and 2005 in endemic localities we ascertained that this method is sufficiently effective for reduction of E. multilocularis prevalence in foxes (Antolová et al., 2006) . However, due its cost expensiveness is the method recommendable only for use in areas of high risk, such as city parks and recreation localities with frequent human and pets movement.
